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® Process for production of fatty edda having high degree of unsaturatfon. 

@ A process for the production of a mixture of highly 
unsaturated fatty adds comprising the steps of (1) culturing a 
microorganism belonging to the genus Mortieretta and capable 
of synthesizing highly unsaturated fatty acids. (2) preparing 
intact cess or products derived from the cells having an ability 
to synthesize highly unsaturated fatty adds from a precursor 
thereof, (3) converting the precursor to the highly unsaturated 
fatty adds in the presence of the intact ceils or a product 
derived from the celts to obtain a reaction mixturecontaining the 
highly unsatured fatty adds, and (4) recovering a mixture of the 
highly unsaturated fatty adds from the reaction mixture; and a 
process for the production of a highly unsaturated fatty add 
comprising the steps of (1) culturing a microorganism belong- 
ing to the genua MortiereUa and capable of synthesizing highly 
unsaturated fatty acids. (2) preparing intact cells or products 
derived from the celts having an ability to synthesize highly 
unsaturated fatty acids from a precursor thereof. (3) converting 
the precursor to the highly unsaturated fatty acids in the 
presence of the intact cells or a product derived from the cells 
to obtain a reaction mixture, (4) recovering a mixture of the 
highly unsaturated fatty acids from the reaction mixture 
containing the highly unsatured fatty acids, and (5) isolating an 
individual highly unsaturated fatty acid. 
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(Description * 

PROCESS FOR PRODUCTION OF FATTY ACIDS HAVING HIGH DEGREE OF UNSATURATION 

The present invention relates to a process for production of a fatty acid having a high degree of unsaturation 
and a lipid containing sucn unsaturated fatty acids. 

5 Processes for production of fatty acids having a high degree of unsaturation and using a microorganism 
belonging to the genus Aspergillus, Rhodotorula or Fusarium are known from Japanese Examined Patent 
Publications Nos. 56-19231. 56-19232 and 56-19233. Further Japanese Unexamined Patent Publication 
No. 60-168391 discloses a process for the production of y-linolenic acid using a microorganism belonging to 
the genus Mortierella, However, a process for the production of fatty acids having a high degree of 

to unsaturation (hereinafter highly unsaturated fatty acids) by an enzyme reaction using a microorganism 
belonging to the genus Mortierella is not known. 

Accordingly, the present invention provides new processes for the production of highly unsaturated fatty 
acids and a lipid comprising highly unsaturated fatty acids by an enzyme reaction using a microorganism 
belonging to the genus Mortierella. 

15 More specifically the present Invention provides a process for the production of a mixture of highly 
unsaturated fatty acids comprising the steps of: 

(1) culturing a microorganism belonging to the genus Mortierella and capable of synthesizing highly 
unsaturated fatty acids; 

(2) preparing intact cells or products derived from cells having the ability to synthesize highly 
20 unsaturated fatty acids from a precursor thereof; 

(3) converting the precursor to highly unsaturated fatty acids in the presence of intact cells or the 
product derived from the cells to obtain a reaction mixture; and 

(4) recovering a mixture of the highly unsaturated fatty acids from the reaction mixture. 

The present invention also provides a process for the production of a highly unsaturated fatty acid 
25 comprising the steps of; 

(1) culturing a microorganism belonging to the genus Mortierella and capable of synthesizing highly 
unsaturated fatty acids; 

(2) preparing intact cells or products derived from cells having the ability to synthesize highly 
unsaturated fatty adds from a precursor thereof; 

30 (3) converting the precursor to the highly unsaturated fatty acids in the presence of the intact cells or 

the product derived from the cells to obtain a reaction mixture: 

(4) recovering a mixture of the highly unsaturated fatty acids from the reaction mixture; and 

(5) isolating an individual highly unsaturated fatty acid. 

In the present Invention, the term 'highly unsaturated fatty acid" denotes a fatty acid containing at least 
35 three double bonds in a carbon chain and having preferably 18 to 22 carbon atoms. Such highly unsaturated 
fatty acids include, for example a-iinolenic acid, y-linolenic acid, bishomo-y-linolenic acid, arachidonie acid, 
elcosapentaenoic add. docosahexanoic acid. 

In the present Invention, as a producer microorganism, any strain belonging to the genus Mortierella 
capable of producing highly unsaturated fatty acids can be used. For example. Mortierella elonqata IFO 8570. 
40 Mortierella alpina IFO 8568, Mortierella exigua IFO 8571, Mortierella hygrophlla IFO 5941, and Morttereila 
parvispora IFO 8574 can be used* These strains are stored in the Osaka Institute for Fermentation; 17-85, 
Juso-honmachl 2-chome, Yodogawa-ku, Osaka 532. Japan, and are available to the public without limitation. 

Moreover, a new strain, Mortierella elongate SAM 0219. can be used. This strain was newly isolated from soil 
and identified by the present inventors, and was deposited with the Fermentation Research Institute, Agency 
45 of Industrial Science and Technology (FBI), Hlgashi 1-1-3, Tsukuba-shi, IbaraJd-ken, Japan as FERM P-8703 on 
March 19, 1986, and transferred to International Deposition under the Budapest Treaty as FERM BP-1239 on 
December 22, 1986. 

The above-mentioned new strain SAM 0219 (FERM BP-1239) has the following taxonomteal properties: 

SO Cultural characteristics on various culture media 
Culture condition: 25° C in the dark 

1 . Malt extract agar medium 

Colonies grow fast, attaining a diameter of 28 to 31 mm in two days and a diameter of 65 to 72 mm in five 
55 days; colonies are lobed; the formation of aerial mycelium is scanty; sporulatton is good; sporangiophores 
arise from the aerial hyphae; the mycelium has a gartic-iike odour. 

2. Potato dextrose agar medium 

Colonies grow fast, attaining a diameter of 27 to 31 mm in two days and a diameter of 75 to 80 mm in five 
60 days; colonies form a rosette pattern of dense lobes; much aerial mycelium is formed at the center of the 
colony; the reverse side of the colony is yellowish white or yellow in colour; sporulation is poor; the mycelium 
has a rather strong garlic-like odour. 



2 



0 276 982 

3. Czapek's agar medium 

Colonies grow moderately fast, attaining a diameter of 22 to 24 mm in two days and a diameter of 50 to 53 
mm in five days; the formation of aerial mycelium is scanty; occasionally, the aerial hyphae cting tightly to each 
other; sporulation is abundant; the mycelium has a garlic-like odour. 

5 

4. LCA agar medium (prepared according to Koichiro Miura and Mitsuyo Y. Kudo, "An agar-medium for aquatic 
Hyphomycetes" Transactions of the Mycological Society of Japan vol. 11. p 116- 118, 1970) 

Colonies grow fast, attaining a diameter of 27 - 29 mm in two days and a diameter of 64 to 66 mm in five days; 
colonies are lobed; the formation of aerial mycelium is scanty, except at the center of the colony; sporulation is 
good; sporangiophores arise from the aerial hyphae; the mycelium has a garlic-like odour. 10 

Microscopic Examination 

Sporangiophore, mode of branching sporangiophore, sporangium, sporangiospore. etc.. were microscopi- 
cally observed for microscopic preparates and the colony per se. from various media. 

A sporangiophore is tapered and has a length of 87.5 to 320 urn, a width of 3 to 7.5 \xm at the root, and a is 
width of 1.0 to 2.5 urn at the top, and often branches at the root. A sporangium is spherical in form, has a 
diameter of 15 to 30 jim, contains many ascospores therein, and has an unclear color after the detaching of the 
sporangiospore. A sporangiospore is elliptical or, rarely, renal in form, has a smooth surface, and a size of 7.5 
to 12.5 x 5 to 7.5 nm. A relatively large number of chlamydospores are formed. Chlamydosphores are present 
separately or, rarely, linked in a chain form. Occasionally, several mycella appear from the edge of the 20 
chlamydosphore. The chlamydosphore is elliptical or subsphericaJ in form, and has a size of 12.5 to 30 x 7.5 to 
15 u/n(?), or a diameter of 12.5 to 15 urn. Zygospores are not observed. 

Physiological Properties 

Optical growth condition: 25 
pH: 6 to 9, 

Temperature: 20°C to 30°C; 
Range for growth: 
pH: 4 to 10, 

Temperature: 5°C to 40° C. 30 
On the basis of the above-mentioned taxonomical properties, and according to JA von Arx, The Genera of 
Fungi Sporutating in Pure Culture* 3rd ed., J. Cramer, 1981 ; and K.H. Domsch, W. Gams and T.H. Anderson, 
"Compendium of Soil Fungi", Academic Press, 1980, the strain SAM-0219 of the present Invention is 
considered to be a fungus belonging to the genus Mortlerella, because a sporangium is formed at a top of a 
sporangiophore, the sporangium has no collumelta, the sporangiospore has no appendage, and the mycelium 35 
has a garlic-like odour. 

Therefore, the taxonomical properties of the strain of the present invention were compared with those of 
known species of the genus Mortlerella according to W. Gams,* A key to the species of MortiereHa . Persoonia 
9: p 381 - 391, 1977. As a result, because the colony is not velvety, the mycelium has a garlic-like odour, a 
sporangiophore has a length of 87.5 to 320 urn and branches at only Its lower part and does not branch 40 
racemosely, and a sporangium contains many sporangiospore therein, the strain In question was considered 
to fall under the genus Mortlerella, subgenus Mortlerella , section Hygrophila. The section HygrophHa includes 
22 species. According to the comparison of the present strain with these 22 species, the present strain is 
simitar to Mortlerella zychae , M. eiongatuta, and M. elongate . 

Therefore, the strain of the present invention was compared with the above-mentioned three strains, 45 
referring to K.H. Domsch, W. Gams, and T.-H. Anderson, •Compendium of Soil Fungi*, Academic Press, 1980; 
W. Gams, Some New or Noteworthy Species of Mortlerella * ; Persoonia 9: 111 - 140, 1976; G. Unnemann, 
'Mortlerella Coemans 1863; H. Zyche and R. Siepmann, "Mucorales Eine Beschreibung Alter Gattungen und 
Aden dteser PRzgruppe", p 155 - 241 , J. Cramer, 1965. The present strain is clearly different from M. zychae in 
the length and width of the sporangiophore at the base, and the size of the sporangium. Moreover, the present 50 
strain is different from M. elongatula in the shape and size of the sporangfosphore. The present strain is 
different from M. elongate in that sporangiophore is rather shorter, the chlamydosphore is ellipsoidal or 
subglobose in form, chlamydospores are rarely linked to each other in a chain form, and a small number of 
radiating hyphae exist However, the present inventors concluded that such differences between the present 
strain and M. elongate are not sufficient to distinguish the present strain from M. elongate , and thus identified 55 
the strain of the present Invention as MortiereHa elongate , and designated it as strain SAM 0219. 

Spores, mycelia, or a preculture is used as an inoculum for culturing the present strains. The medium used 
may be a liquid or solid medium. A liquid medium contains as a carbon source, for example, glucose, fructose, 
xylose, saccharose, maltose, soluble starch, molasses, glycerol, or mannitol. Nitrogen sources include organic 
substances such as peptones, yeast extract, meat extract, casamino acid, corn steep liquor, and inorganic 60 
substances such as sodium nitrate, ammonium nitrate, ammonium sulfate, and the like. If necessary, inorganic 
salts such as phosphate salts, magnesium sulfate, ferrous sulfate and cupric sulfate, and vitamins may be 
included in a medium. The concentration of these components is selected so that such components do not 
adversely affect the growth of the microorganism used. Practically, the concentration of the carbon source is • 
0.1 to 3fW> by weight, preferably 1 to 10<Vo by weight, reflective to the total weight of the medium. The 65 
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SS^of^TnSff SOUrCe ' 8 0 ,0 ^ Wei9W - Pre,8rab,y ai «° »• * * ^ 

hvJoSlSS !l P 2!fS!L2 ^ 9et 'f* f id8, in addi,i0n ,0 ,he ^ove-meotioned medium components 

5 ao^SSS^S^S r ' ( or fats ' "* preferably added t0 a medium in an <* ?01«*b to 
Hydrocarbona « Preferably added to a medium at the start of culturing, and fatty acids or salts thereof 

culturing, it is added at one time, stepwise, or continuously aunng 
the culturing temperature ranges S°C to 40«C. A pH value of the medium Is 4 to 10 preferably 6 to 9 

bran. If necessary, the medium is supplemented with a small amount of nitrogen source inomiic sis 
15 S^ST " 9 " C " rt>d ° Ut 31 8 ,empera,ure <* 5 ° c 10 «°C Preferably irS2S?J.TS 

acSL 0 ISrfl^™^! J^ 01 " 0 ^!^ e " S C ° main ™ en2yme system ,or ,he Production of highly unsaturated fatty 
«i accordanC8 the P^ent invention, cultured cells or a product derived from the cultured ceZ 

2 ?K e0B T 8 PreCUrS ° r t0 h ' 9hly unsa, urated fa «y acids. In such a process, "cultured c^kSS 
^ ir °. ee " CU,tUr6d "* sti " P™ 001 in a cu,tured b «"h and cells whk* are separated fro J £ 
SJ'S WaShed an W*** washing solution. The sep^TSSSJSi 

from the cultured broth is carried out according to a conventional procedure such as Tf Z£n «!• 

SEEK, 1 ? " p :°i uct derived ,rom cu,,ured ?e " 9, ,nc,udM ^eSSTSSTtrJSS i^EiZ 

EES JS!?^ 1 ^ " We " M immobi,l2ed P«*«» * the above-mentioned cSs STet 
products, in which an enzyme system necessary to convert a precursor to the target highly unsaturated fattv 
acids „ contained^ The dried cells can be prepared by. for example, ryophilization or drying Sr i^SucS 
pressure. For lyophilization. cells separated as above-mentioned are resuspended in or«Ii2rS 
M * P £°K SPha . te bUf,8r TriS - HC ' and ,ha resu,ti "9 cal1 suspension is froze n I 

^SSS^^J^J^S^ Ce " $ 8epa,a,ed " ^^"^ in meS el 
a peiiet are placed in a dryer, and the cells are dried under a reduced pressure. Dried cells treated with an 

^JSjlj]^ ^i^iki 8 ^ prepared, for example, by suspending a cell pellet prepared as abcn^ frTan onnunuic solvere 
^ZXSZTTT' '°L exampta - aC8,one ' methano »- etnanoiorWHke, to e.iminaTe S Vom^he 
ceUs. and then drying the treated cells. Disrupted cells are prepared according to a convention* orocedur! 

S SET V*?? Cete - F0r exampte « M » cells are mm^7^!SSSSS!!S 

35 MU* mZZ^'T"!^"' ""JS? ,he Ce " 8U8penSton h frozen ^ erupted K morti'S . 
35 pestle. Alternatively, the cell suspension is treated with a homogenizes Dyno-mH French Dress or 

S^T^Tr^T "2 0bt f a ce " Senate. McWthe abcJSSSJ S?«S ^various 
ZSZ££1?S± ESS 1,16 be *«w*tod according to a conventional enzyme immobilizing 

procedure or cell Immobilizing procedure, such as the bound method, the cross-iinkaae method the 
entrapped method, the adsorbed method or the like. 9 mamoa, the 

zJlZ^ZTJ* Unsa ! Ura,ed fa tty adds are preferably fatty acids having 2 to 20 carbon atoms such 

fJSSL^Si^ lete add stearic add. oleic add. Ilnoleic add. Ilnolente add. octadecatetreenoic acid 
rS^^dtl^S 8 f?^L C ? Mdien0,C aC ! dl 0teO8atrtanoi c add. elcosatetraenote add. and thelike.' 
I^r« rStS«fi!„,^lL ^I^T' °[ M sa,ts 8ucn M sod,um . Potassium or ammonium salt or esters 

ofttrro^srs^^^ 

the^ 0 e re'!a^ < l^^ S ^^ above-mentioned precursor to the target highly unsaturated fatty acids in 

^Z^ZSJ^ZZZT?** C0 " 8 ,° r ° a " product ,s carriad out » appropriate aqueous reactTon 
medium. The reaction medium is. for example, water or a buffer such as a phosphate buffer. Trls-HCI buffer or 
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so the like. 
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Dow^f^S^ "!^! Sa ?' an emul ? ion P rom °t°r. 'or example, a surfactant such as Tween or Triton, or bile 
powder may be added to the reaction medium in an amount of 0.001% to 10* 

to M-C^arflS^ ^ °f 3 10 m P re,erab, y 5 to 8 - « a temperature of 5 to 40-C. preferably 10 
conSitSn Zl° ^ Pre,efab,y 10 ,0 48 h0ur8 - ^ reaction is out undar a stationary 

SSSTL^ES^' a9rt8W ° n ° r Shakin9 10 acca,ara te contact of the precursor with the cells or eeH 
^^S?S5Z2Zir*T ^ tem ,0f COnver8i0n °' the precur80f in, ° h, 9 h| y ""saturated fatty acids. 
mi«Jre ^ISZ^^^T" 0 "' ^Z" ^ unsaturat ed fatty adds are recovered from the7eactlon 
ftSw^J^ u ? r dded C8,,S are used as enzvme source - durin 9 ,ha reaction, lipids containing target 
by m"^^^ ^ ,here,ore - ,aroet fa "y " a »SS 

mW..?^!^!^ « ° reaC,,0^ • Ce " S are C °" ected from ,ne react,on mixture by a conventional 
vSS « 8 h ^ ^ cen,nfu 9 a,, °"' t^ cells are washed with water, and preferably, the washed cells are 
rw«!T * 1 erived ,rom cells are used as an enzvme 80uroe - «ie reaction mixture is usually dried. 
JS?J » S.1 0 .K y> ?' example ' 'ycP""' 23 " 0 " or air-drying. The dried product is treated with an organic 
^ the reof. preferably under a nitrogen stream, to extract a lipid containing target fatty acids. 
The organic solvent or mixture thereof is. for example, ethers such as ethyl ether, hydrocarbons such as 
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hexane. alcohols such as methanol or ethanol, halo-hydrocarbons such as chloroform or dichloromethane, 
petroleum ether, as well as a mixture of chloroform, methanol and water, or a combination of methanol and 
petroleum ether alternately used. By distilling off the solvent, a lipid containing concentrated target fatty acids 
is obtained. 

Alternatively, wet cells or there action mixture can be subjected to direct extraction. In such a case, a 5 
water-miscible solvent such as methanol or ethanol, or a water-miscible solvent comprising the water-miscible 
solvent and water or other organic solvent is used. The extraction procedure is the same as described for 
dried cells. 

The lipid thus obtained contains target fatty acids in the form of a lipid compound such as fat. Although the 
target fatty acids can be isolated in the form of a free acids, they are preferably isolated In the form of an ester w 
with a tower alcohol, for example, as methyl esters. By converting target fatty acids to such esters, each is 
easily separated from other lipid components, and from other target fatty acids and other undesirable fatty 
acids formed during culturing, such as palmitic acid, oleic acid, linoleic acid and the like, which are also 
esterified at the same time as the target fatty acids are esterified. To obtain methyl esters of the target fatty 
acids, for example, the lipid prepared as described above is treated with a 5 to 10<Vb hydrochloric acid solution 15 
in absolute methanol or a 10 to SOO/b 8F3 solution in methanol for 1 to 24 hours at a room temperature. 

The mixture thus obtained is extracted with an organic solvent such as hexane, ethyl ether or ethyl acetate, 
to recover methyl ester of the target fatty acids. Next, the extract is dried over anhydrous sodium sulfate, and 
the solvent is distilled under a reduced pressure to obtain a residue mainly comprising a fatty acid mixture. The 
mixture contains, in addition to methyl esters of the target highly unsaturated fatty acids, methyl palmitate, 20 
methyl stearate, methyl oleate and the like. From the mixture, methyl esters of highly unsaturated fatty acids 
are isolated by column chromatography, tow temperature crystallization, a urea-adductlng method, or a 
combination thereof. 

The isolated methyl esters of the target fatty acids are then hydrolyzed with an alkali and extracted with an 
organic solvent such as ethyl ether, ethyl acetate, or the tike to obtain the target fatty adds in a free form. 25 

Alternatively, target fatty acids can be obtained, without conversion to methyl ester, by aikaiolysis with, for 
example, 5<tt> sodium hydroxide at a room temperature for 2 to 3 hours, followed by extraction of the fatty adds 
from the aikaiolysis product and isolation of the target fatty acids. 

In accordance with the present Invention, both a mixture of highly unsaturated fatty acids and an individual 
fatty acid can be obtained. To produce an individual fatty acid, the above-mentioned mixture of methyl esters of 30 
highly unsaturated fatty acids or mixture of highly unsaturated fatty acids Is subjected to a conventional 
separation procedure such as urea-adducting method, column chromotography, or the like. 

Examples 

The present invention will now be further illustrated by, but is by no means limited to, the following examples. 35 

Example 1. (Production of highly unsaturated fatty adds) 

50 ml of a medium containing 2Qto glucose and 1<Mo yeast extract (pH 6.0) was prepared and charged Into a 
500 ml-volume Meyer(?) flask, and the whole was autociaved for 20 minutes at 120*C. After cooling, Mortlerella 
elongate SAM 0219 (FERM BP-1239) was inoculated the medium, and then cultured for 6 days at 12*C with 40 
reciprocal shaking at 200 rpm. After culturing, the cultured broth was filtered to recover cells. The cells were 
then completely washed with water and resuspended In 20 ml of 0.05 M phosphate buffer (pH 7.0), and the 
suspension was subjected to ultrasonicatton for 15 to 20 minutes to obtain a homogenate, which was then 
used as an enzyme solution for the following reaction. 

The composition of the reaction mixture was as follows. 45 

Composition of reaction mixture 
Enzyme solution 0.5 ml 
Substrate* Le„ precursor 2 mg 

0. 64*> Tween 20 aqueous solution 0.4 ml 50 
Water 0.1 ml 

As the substrates, I.e., precursor for highly unsaturated fatty acids, sodium stearate. sodium oleate, sodium 
tinolate, and sodium linolenate were separately used. Moreover, a control (1) which did not contain substrate, 
and a control (2) wherein 0.5 ml of 0.05 M phosphate buffer was used in place of the enzyme solution, were 
prepared. Each reaction was carried out in a test tube (16.50 x 160 mm) at 28*C for three hours while shaking 55 
at 240 rprrn After the reaction, the reaction mixture was cooled to -20° C to terminate the reaction, and the 
reaction mixture was immediately lyophilized. The lyophilitate was treated with a mixture of absolute methanol 
and hydrochloric acid (95:5) at 20° C for five hours to convert fatty acids in the reaction mixture to methyl 
esters thereof, and extracted with 4 ml of ethyl ether to extract the resulting methyl esters. The extracts 
obtained from the above-mentioned reactions were then subjected to chromatography to determine the 60 
composition of methyl esters of the produced fatty acids. The amount of each highly unsaturated fatty acid 
produced during the present reaction was calculated by subtracting a total of measurements of the control (1 ) 
and control (2) from a measurement of the corresponding highly unsaturated fatty add from each reaction. 
Table 2 shows the consumption of the substrates and the amounts produced of highly unsaturated fatty acids, 

1. e., y-linolenic acid (GLA), bishomo-v-Jinolenic acid (BGLA), arachidonic acid (ARA), and etcosapentaenoic 55 



